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ABSTRACT

This thesis shows a circuit and converter methodology to newly track MPP on
any level of Irradiation by using Buck-Boost converter. The circuit should be Buck-
Boost because an output voltage can be adjusted to be higher or lower than an
input voltage. By the way, the methodology in this thesis is operated between P&O
MPPT and Lookup Table MPPT. At first, the control system operates on P&O
methodology to control tracking MPP and records values of lrradiation and
Duty Cycle in the Table. When the values of Irradiation is under defined the
condition, the system operation will turn P& MPPT to Lookup Table MPPT

automatically. So, the system operates on MPP more quickly.
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: I i S = MONATONBITS
29 " : oAb : sl © Goouls: Jum
g g g g: g g : e © doowmlizyou
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2.1.2 FinvaRadnaaning

LY L

wlsnadan iy 3 afiavdne Aegui 2.3

Y

[ a

1. waduasefindiivianddreusdandniisn (sinsle Crystalline Silicon
Solar Cell) M%aﬁiﬁﬂﬁ’uiu%a Mono crystalline Silicon tazatinndnsiu
(Polycrystalline Silicon Solar Cell) dnwauziluunudanoundauazuns
1N Waduasefingnduiiiiusyavinin 10 - 15 %

2. Waduasenfingfivihanezuesiladdneu (Amorphous - Silicon  Solar
Cell) dnvasziduiiduunsunaiios 0.5 Tuasen (0.0005 ) v

1NBAYSEENTN NG 5 — 10 %

Y o A

3, LAALAIDINAENYIIINATISNIAAUIDUY LTU wnaldey a15iglue,
waniloy wataelse wagmeliles duienlawialus (udu Inswia
NANLAYA (Single  Crystalline) ~ wagndnsau (Polycrystalline)  1wad

sl o a

waIeNR g NV nLnatdsu s lusvinliusanSAwuINDe 20 — 25 %

(n) () (m)

JUN 2.3 waduaseniing (n) vilandniien (v) vilnesueiilataneu (A) vinmsisinidue



2.1.3 auvfamslniivesunsgaaunaseing
JRTaNyaveLganLateind Usneumeunasilialiinssuanss (fg,) dovuiu
AulalenuazAuAUNIUIIUL (Rg,)  WAZABOUNTNRYAUAIINAIUNIUAIUREN (Ry) VBN

s

\UAALEIIINEAIFUN 2.4 l1BYIN158R3993 (Short Circuit) nzuailaaineaduaseniindas
Hu9asneuen Tuniensesiudiudiioviinisilaiees (Open Circuit) nsguanlaanad
a ¢ | a ¢

wasp1findazlnacnulalasfisevuiunigluwadunu

Taenalundneaduatorindruinduniuaudnans 1 a1s1aguiuns agli
nszwalndn dn1995Uszunu 20 - 40 Daduwauy wazaiunsalrwsanuliiiieasaussuna
0.6 - 0.7 Thad adesnisnszualniruing Aaauisavirlalasdwasuinesuiuiunion
AoaTiilausiulniigss fianunsadeaduiseaynsuiy

nN3UT 2.5 nsznaiussetuliive swaduaserfingdullaseiula aniudsumaws
am:;zé’mqmﬁqam’;mqﬁm%hséf@Lmuéf&ﬁLmﬁuLﬂu@ué 2l AAINTELANFN1ILENIRT
(Short Circuit Current : Is¢) daugnsinuwnuuauinselaviiugudarlaAus UYLz 5100
(Open Circuit Voltage : V) Wiotanszuanniuussiuiaglimawenvaduaoiiing 39
v = =~ I I o w a I o w a b .
mamqmmemummaﬂw%qqqm LS8N0 maﬂw%mmqaqm (Power at Maximum Point :
Pyp) @runszuaniuusenuiignd Sondi nszuangemadlniiasan (Current at Maximum
Power Point : Iyp) Wazhswiungamasiiiigean (Voltage at Maximum Power Point :

Vyp) H1UEIRU

f_n- . I&h 4

@Dyt
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JUN 2.5 N9 MLIWIULAZNTELAYDNTaAUA1INE (I-V Curve)

a

2.1.4 HANTENUIINANUIULAIDNINIUATIUNYN

v
LY L4

LWAALAIDI ARGV ITUNANTIZLINA DU (NFURAUINSRIUNALNULAZOUTNY

3

WANTU NTENTNNERY, 2553) Awadawaliilans i | -V Curve Aupnsineiy sakandlugun

'
= 1 a

2.6 ANLaIeingasLdoun Nt dnavililssiuveagaduaefindanas ue

nszugliihdnIsnauiicgeu ueinsalanngui 2.7 Weanuduuaaiiuduy lnenoumaill

K1)

= [J 4 L a X U a A X [ o/
WaguwUasaeyinlinIsuaani9as luau LLaSLLN@‘N'N‘\]iLUQNﬂ%j\‘I‘ZJULﬁﬂUQEJ

I'= 40"

¥ =20°C \

5UN 2.6 nswinszuauazusRuigumguang1aiu



1008 Tad/m 1 1ams

500 in/m 13 1amni

250 inid/m i 1auns

JUN 2.7 N3N TEUARALLIIRUTIALLTNLASUANF 1T

2.1.5 Uadwaanaumasiniveswasuaseiing

avnnsaamoumadliihindnlsveseaduase iing (nsunmwdssumaunuuas
AUSNY NAWUNTENTIINGNIY,  2553) 11310 2 Jadendnho niewas (Optical) wagng
T (Electrical) dmsuranasiadeidnasonssuuas Ioun n1saziieu (Reflection) N1
Ta1a1 (Shadowing) wazld&ussd (Not absorbed radiation) @nn3annsasTiauuaiusi
Tneniswdevans Jestunisaszyiou (Antireflection Coating) wagnIsvigesinNgnAasse

(Surface texturing) Fsaursaesueliiunmsinlugua 2.8

ANTALVIOUVDININUN
RIGE %l ASLARLIN
MshisuTad
UaRuNinanIg
AANDUNIAI NN

7 AUAUNULEREN

) NITUFYOI0LRONATITNIAILN

N9l

3UN 2.8 urudsanvsnisaanaumdsiiiveswaduaseriing



2.1.6 AMINNNUNAFNUGIFAYIUHLBAAUERING
N15318MA9E9AATDLYARLADNTINE (Esram & Chapman, 2007) Wiiuluan ag

WU LFUNIINAUEN YT YR YANABIMINE AL AUEUNTINTENI1ILTIAULAN TELAVD AR

a

WANDTINEAY JUN 2.9 (adANA Wiy yuazAnans ooy, 2553) anEunsim A

Y

'
(% o v A

adnvazlanzvadlvan ITiuIngaaLaseinddtaidige Py dateeniigamaslin

e o))}

s a ea v & o= oA a 1 i o W
d?jmaﬂmaaummwmwﬁm P, @Q‘UU"\NNL‘Vlﬂuﬂ(ﬂ'm‘]ELUﬂ’ﬁ‘W’]"\!@‘\]’]EJﬂ']aﬂlWﬂ']aﬂq@

a I a o Ao o (3 a 6 a
L‘I/lﬂﬂﬂfﬂ’]\‘iﬂIUﬂqimﬂm’m‘W}ﬁ!G]ﬂ'ﬁVl'NWuVlﬂ’]aﬂlWﬂ%j%’jWUENLsdaﬁLLﬂ\‘i@'WWlEJ Iﬂ‘tﬂﬂﬂ(ﬂ

=

sziludiudrdguesszuuigaduaseniing winindagiudisnisfinniumganisvinau
maslnihgegaivainvatesiudenisiauiwasuuinuanasiueeniy wasnisumatia
Junfeude 3n1ssuniuwaznisdans (Perturb and Observe)

BnssuMmnLazmsaLnn 138 35n15Ywduin (Hill-Climbing) fwnannisvinanudu
Aunalagyinisusussuliihveseaduatefing nanfeidunissuniuussiundsann
insiamasiniuaziseuigyduidslniiveswaduataingluaiunaitagiuiu

i - i o 13 a ¢ A o =i °o w
AuIAfeuLiigAusnulifvessaduatefingLioniIanisinaunamasiniiasan

Fuduasnaelunasnaidelnihasge udaziiadguinisunisvesidslniiunagad
6 o w

wasefing maalniiasgaluaniizasiilianinsamayalaegisiudiiiiafianisiasuwdas

V9PN ULEIDENTUTVIULe

I A P
Pi

[ ]

Vor

V I .mp Foc

[ o w

UM 2.9 andnwaemdsliivedvaniuaduiaianiing
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JUN 2.10 AURANAIATRISNNTTUNIULAEALNAlalatURs UL aiuiviule

ANURANEINYBIITNITTUNIUMAZ N THUNAIAATWRBARNTIWRB UL UAwBIAY
v v AW ‘:1' a ‘:1' ' o v =
Wukasiuiviula 91n3UR 2.10 auiinnmsieauugadredaalningdn 91n3nn1snneui
anedagiuiign A Aegumdunsm daslnia Py Weviimstsduusadulnilvidnman
maslniigege ansvinulzdienegiian B uiluvastuiinisdsuiuasaanunduues
wuuiuiiniule dwabiiadunsinmading P, Ju uwdigansvirnuiaziaeunnediian C

waowSeuigumadlninmgn C uadaannndi 90 A dwalinianiinisgiinganis

MINUNAANUGIEARANAN

2.2 gunsniainds

aunsalaAndiaiu MOSFET %io IGBT agvhmihiluainddidnnsednd fluuanis
yhafe Tnuatinssua wazngaingzia lasaudly MOSFET vi3o - IGBT 7ilY 1uaind
Sidnnseiindlugen aRddluguil 2.1

ninmsvhaudowurenasaindael Ao Wealadiinszua wssiuluihdueon

azdanviulsssulniiau (v, = 1) wazillealagliuinszuaussnulninniuoonazdl

Ainduaug (Vs = 0 ) Beagladygaunswiuiueenduiad Tugun 2.12

d" ‘ oo |

Vs R 2w, I:> v, Ri2v.

JU# 2.11 MOSFET Wiguiailouaing
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5UN 2.12 08 19U T9IAUMURBNIINITTAINT

= ' a A Y v % =
FeanunamARaeserveLsaulninTwan seiueantaanaun1si (2.1) lne
91NNV UV PWM (Pulse-Width  Modulation) lunasmivuvzeivdsuiuas

WAL output

Ts

1 1 t
= | vydt = =[Vg X t,n] = == X V. (2.1)
o,av TSO 0 TS S on TS S

dlo D = ’;‘,’—"iuammsﬁ (2.1) aglpauns (2.2)
S

V;),av = DVs (2.2)

lag D fio 303n3N1591197U (Duty cycle %38 Duty ratio) man88989ns1dIUVRIYINIAT

AINTUINTELARDYIIIAINTIANUNITEINTINANVUFUNUSAIFUNTT (2.3)

- —_ e (2.3)
ton + toff TS :
& A a 1 A a ¢ o Id o
A¥UU AUNIINBIVN8VWNEINTUINTELATUAIFUNT (2.4)
tOTl == DTS (24)

Tunmepssiudiu aunsfieSunedfiadndugatinszuadunsaunis (2.5)

torr = (1 — D)Ts (2.5)



12

CY 3 4 4
2.3 NIFUA-YNADULIDIAD
@ s & =i N 9 Y % v o A '
1astn-yaiiduiasiaunsaiiuvioanssaunssulnihiueenlvisiinimsesindn
wssAulnieudn ellaeassgun 2.13
2.3.1 Reulun19919UYeNRITUA-YaAABULIBIINDS
N153LAT1EMN15MUY091995UR-YadAoulIasineslutivaniizegil agiinis
MvuaReulrlunisinurenasda-yadnoaunosines
1. nszuabiihnluadiudimiendy s dundafgiiulunsagaivasiiag
Vv a1 @
wiriuuagianduuiniase
2. usesulniadennaseudimisniluidazavagviiuaudavaneds
HATIUVBINAAMTENITIUARNATauA NN T UIa ludaz ATy

I L

WNNUAUY

v = =

3. fnusgiivwnluginliussiulnihdueaniienag

[
I o = a

4. masbifidudriidudidelwiidueen nsaldludidanisande
4' o o % 6 LY @ a
\WesinmavinnuvenwsiagmnualviaUnsainndilugauni
2.3.2 HANNITVINNUVBINATUA-YAAABULIBSNDS
PANNNTINIIUYD 995U annI oL iuLsIaulN I A1 uBaN I LTRBINTS TaatSuAy
ndorimuanituswuliiaisnnaseudavilodinluudazaruialagmiifugud deas
aunsaunseaaludihalvaciusimtied o lagn1sATIERNISYINILYeaIndl uLAaz 1 iua

eilnsihnudesedlurisaniegi

1YT

JUN 2.13 19930n-yadneueiines
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+ .
SORIE PR

5UN 2.14 dasauyaiileaindiinseua

2.3.2.1 vaugaadun T
3103UN 2.14 nsgualiinainundsdteiddniinssuansaaslnaniuaing

| Y a ° =~ v v Y ¢ 5 %
wagruinilgailuvasiilalonvzgnludadeundu nnguetaesvenilazldaunisues

wsesulvinanasaumwdeNdn AeEuni1sn (2.6)

_VS + Uipdn— 0 (26)
di
VL = VS = Ld_tL (27)
i eases
=i 2.8
dt L 28)

YU NAINTUINTELA dEt = DT 9951115 UA8URUAIUDINTEwAN anNIUR

¥

WN119 8l AR UAI S8R TIAIRkAE DD IINITINYD N T kA TuLdady Blvaiunse

AuIlANENNSNA (2.9)

Aip - Ai Ve

N (2.9)
VeDT

iLon = SL (2.10)

10ef Al o, A9 8931015 UABULUABINT LAl lraruiTu Tl

YULNEINTUINTLLE
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JUN 2.15 1vsauyatiloaintlitinssua

2.3.2.2 vaugaindlainssue

91n3U7 2.15 fleadntlitinszua nszualniilusmieaiiazlianse
Wasuuadldegrsiniiviule lelenazgnludalinssuademalinszudlyairiusmiei
Ivasdedeiiles aundliussdulnidusenasiluazannguosnouenid agldaunisues

wsanulnAAeENnns (2.11)

YN
R

LALOMIINSUAULUARINSLhATIBUAUNAIRIELNTS (2.12)

di; Aiy, Vo

EZ—(l — D)7 ~ = (2.12)

YueNEInslduInsyud dt = (1 — D)T 8m51n1silasunlaswaenseuaniva

=

dusumnieatiazanasednsai lneenmsziolainnisanawenszualudadunagy

2.16 %ammmﬁwmmlélﬁuammiﬁ (2.13)

V,
Aiporf = (TO) (1-D)T (2.13)

o anzedsn NMsdsukUaeinseuaansilraiuiivienidaniiiugudan

AN (2.10) way (2.13) el duannnsi (2.14)
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lalinsua

& »
< »

Unsela

DT T

5UN 2.16 nszudlniilvaniudumieani

Aijon + AiL,off =0 (2.14)
VeDT V,
SL + (TO) (1-D)T=0 (2.15)

VeD +V,(1=D) =0

Vo(l T D) e _VsD

WY
AU Q-7 (2.16)
NANNTT (2.16) mm%uiﬁa&ﬂugﬂammiﬁ (2.17)
Vo — D) ( 1 )
Ve 1-0D (2.17)

dunaladngnsnisveeuswiulninve 19 Ua-yadnsuIesna sl uNaAmYeIsnsINIg

YYIBUTINUTDI2995UATUIRTYAdRBULIESnes ad1alsAnuussiuliiindiueanvas

1993Up-yafnsune e Tsliianmsaiutuiuwsaiulnimu
dnsrduvessnulniinusendeussiulniiawan amnsamlalagisies lag

Idaunsussiulniiadennaseudiniieniluudagauniniugudaaunisi (2.18)
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Viav = vL,on(ton) + vL,off(toff) =0 (2.18)

nauns (2.7) waz (2.11) awnsadeuaumstudlaiduaunis (2.19) TneBawdesmne v,
pngy 2.15

Viaw = vL,on(ton) + vL,off(toff) =0 (2.19)

wazillaunuiwusadluaunis (2.19) aslagaunisiwudediuaunisi (2.17)

2.3.3 M9LUTULNIEUNRTUA-YAANUISDTUUSIUTIAUNTEUENTIBU

WeallSeuleusnaiuvaasanulninmusensoisssulniaudiiuisesdanou
1I95LADTUAYINTYAAABULIDFNDTAINNITUSUAITY INSN15919U (D) AziiuRanis

a a 2 ‘:ll d! L Y 1 gfl a v (% r.:{' 1 1 Ly

W3gUfguaennsnen 2.1 fesdunaladnng 3 29958en51n15venenssaunlaininy lag
19950 LIN TIN5V TEnIg Ut anilalagldnuay MSILTUYINTINTVEILLIINY
< a v 1 & 2 Aa o ~ o Al [ a Y = 4 %
Jugady Tuaiuvesasyad Juiaesididnvae nssaissiunluduaduiawgiaain iy

6@ o

Insn1sinuasinduaudngniidnsnMsvergiiurdaiivewswua g - Tunig

I v W o

ndufnaastia-yad ierriginsnisvhauegsening 0-0.5 2asta-yadagyivrhilasiou
fursestaneunefinesiuwhvihfaassdunssiusudueen willed1igdnsnisiiau
5891914 0.5-1.0 29950A-yadazsimihillaiieufuasasyadaouliesines
2sda-yaRtiusafususenddifinnssiutuiunsesliiidudiaue dildan
msfunlumsned 2.1 udfidualummguivingu TunsujoRussiulnihdueen
uanANNngud esaindussiulwinanasengunsninigg uastaslumsuiuaipging

s

nsvhaaglilaninsausuld 100% dwsuisasyad waviaesia-yadaauiesines

dunalddnuvaiemdliiivensasda-yadaaunesines azlivuiuiiiuniu

anlagnse Wevnadaduinszuandinuasgniiuliludamiend defsiaindnya

Winsvia nasnuludumieniazgnasiuludivan fdanulnsda-yadnauieiingsens
Senlendu eounesweasinudeu (indirect converter)

al' I~ [ % ' a e‘d! = o o d‘ 1 o w

JUN 2.17 1 Judnsmsldusslevivetaint@amanefeensimasiivan (Py) doias

Nantanunsaangla (Pr)
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M19197 2.1 FNTINTTVLNLLTRNUVBNATUA Yad LavrasUn-yadneuiesines

M3IN5VEN8LTIAY (Voltage gain:Vo/Vs)
Duty Cycle
Buck Boost Buck-Boost

0.0 0.00 1.00 -0.00
0.1 0.10 1.10 -0.11
0.2 0.20 1.25 -0.25
0.3 0.30 1.43 -0.43
0.4 0.40 1.67 -0.67
0.5 0.50 2.00 -1.00
0.6 0.60 2.50 -1.50
0.7 0.70 3 -2.33
0.8 0.80 5.00 -4.00
0.9 0.90 10.00 -9.00
1.0 1.00 Infinity -Infinity

Py, 4

P; yannauiesines

1.0 //

0.8

UARBUNDSADS
0.6 1
JA-yad Loy yanguietines
04T WauSAIAIUIIDINADS
0.2-F"~~ -7
T —»D
0 0.5 1.0

JUN 2.17 ansmsliuselevivesaindsiaingdnsnisinau

2.3.4 MmsmAdmieaifiiniigavasisasin-yadnsuinsines

annAbinsagdelusansda-yadnounesinesidugud Madrganunatneas

gwhiumasninanlasutaulafiagla

P, =P, = -2 (2.20)
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PS = Vsls (221)
Vo?
I =2
VS S R

Waaannnszualwiedsilvassnainuunasaneniaalnidiaziavindunsehalnin

wasilnanui et luaunisy (2.22)

VZ
Vel,D = FO
4
1 ViRD (2.23)
—D
3 /4 (1 = D)
2
Vel Ik R\ (2.24)
SR K ’

Yaunns (2.24) wnuluaunis (2.23)

v oy)

SRS
& V<RD

VsD

B3R!
T oRell Hyz

(2.25)

nsvan lnaruimienigaanuwazingailaainnissiuainseualiinadeiuan

A PN ! ) a ° ' o ) ~

nsilasuwlasvaansehalninilraciudwmtetuinlurrwavasiinsewd faluaunisi

(2.10) Fatunszuanlvariuimieniigegawasinanasiluntaunisn (2.26) wag (2.27)
AUAIAU

Ai,

IL,max =1+
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Iy = —252 4 1(E DT) (2.26)
Lmax = p@-D)2 " 2\L :

I . :L_E(EDT) (227)
Lmin = p—Dp)2 2\L '

anudlrnseualnirnluarusimisrindusuudaiios wazdanduuinaus sajuainu
~ o A & o A o v Y] ¢ ¢ ¢ o '

wilgnhdnfganvinliiasda-yadreuiesinesinnulalureuiuaseninduunnssia

sewlienaslideilosfanisimunlinszualninnlvadwiandesdend uaudaaunisi

(2.28)

I .:L—1<EDT)=O (2.28)
Lmin S ROQ\B)Y [/ ZA L :
VD 1 V.
S_:_(_SDT)
R(1—-D)2  2\L
il 1

R B, 2LF

1—D)?R
Lmin P (T) (2.29)

¥
o [

aunsn (2.29) Wuadunileadrnaniandeagduegiua1iginsnisinau (D)

ANUAIUIULER (R) WazAIAINDaInTe (f)

2.3.5 A15vaanAaNYBasIuluNnf uaen

ArsraenafuvasuliiiiueenIzafeivIRTUaAABLLIBSINeS BnLIuNIAe
) v & = o v ) % g YRR ) ) P
TveIiNUUsERaRsnsaiudanszus Ui uesndivinssiuduiunssiuluisu
W1 IneN1SANUINUIATSEaanAaUYRILsIsUlHiNA1ueanIINYanDIEan FIn1laann
nzwalwihiilwanudunuusey Jaegldauniseduteaszanussiulnidnuesndsaunis

(2.30) wag (2.31)

AQ = CAVO = IOAtOTl

IoAty, _VoDT
e
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AV, DT
AT (2.30)
AVy D

:4' Y} = o 1 ° ] a a
Lmaﬂzaﬂaﬁsqiga@ﬂﬂau%aﬂLL?Q@UIW‘W']@WUE]@ﬂ ngqiﬁyﬂfﬂﬂﬂqiafﬂﬂq D %#39N196WU

ArusuUlvan Adanulsyy vieaudadndligeu

2.4 lulaspaulnsaians
SUT 2.18 ET-BASE dsPIC30F4011(7) iluuednlilasreulnsaiass (Microcontroller
- MCU) lunszna dsPIC30F dadenltlalasneulnsalansiu 40 Pin wes dsPIC30FA011 vos
Microchips 1Jululaspeulnsalaesusysuesa Ine dsPIC30Fa011 Wululasmeulnsaiass
Feldnsuszananadeyauuy 16 9n aanA18 Microchips deiigaaulusuvesniiuannsg
TumsUszainanadeyadyarauvuaineamingegidedmivihluussgndlflunuaiuay
a9 nelpssasrenigluasidunisnannaiussninelalasnoulnsaiaosuay19as DSP (Digital
Signal Processing) sandlieiu vieenaisenlulasaeulvsamesnszna dsPIC30F 3118
DSC %5® Digital Signal Controller fls
laelassasnsuesuesa ET-BASE dsPIC30F4011 lasuniseeniuuliuesaivuindn
wngsensthludssgnaldnudundn Tasneluvednliussaeniasiidndusienisldam
LazagAINAeN 1 TWALITUSWNTY HAdtudangy anunsoufuBsndyain /0 iely
Uszgnaldeuludnyagsine denndesaginitzauiuniius eanistdanulalunang g
ANYULAIUADINIT
AnaLTRTDIUDSH ET-BASE dsPIC30FA011 fitsil
1llasmeulnsamesnsena dsPIC30F4011
- IiheAue0 Flash 48
- UreAud1 RAM 9179 2
- fiviieAudT EEPROM wuna 1 dwsuifiudeyaldanu
- fiwesn 1/0 aum 29
- §1 16 Bit Timer/Counter 314U 5 4A
- il Input Capture 914U 4 W3
- 11 Output Compare 31U 4 3
-8 ADC 10 /500 41U 9 W09
- 31 PWM Motor Control 41u7u 6 984 Wied Quadrature Encode
Interface (QEI)
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- {1 UART 91u7U 2 909
- 41 SP 4w 1 999 wag 3 12C 97U 1 999
- 17995 Watchdog, Power-ON Reset, PWM
4 Crystal mawidl 7.3728  anunsald PLL gruadnufiile Run 2wl
29.4912 g
finedndoansoynsu UART WUV RS232 $1u7u 2 109 wies Jumper
dmsuidenldan UART %30 GPIO Tamudeanis Tnelddase UART wuu

CPA-4 Pin 11191597U 877

. 17 ICSP 11m3gw ICD2 wuv RILL dwsuldsaufuyaiaunlusunsunag

Debugger ﬁsaa%’umsﬁwmmmmmgm ICD2 w99 Microchips LU 1CD2
Wso Pickit2 191
.4l Switch  d@usuadudtyaa Program/Debug  (PGM) ey Tdeuunf

(RUN) #5923 LED wa@ndluunn1syiiauueduase

. AUdedyaad 1/O wuy Header wunm 2x5 971U 3 %40 WAz Header 1x8

Pin 8N 1 99

. Header 14 Pin @1915U Character LCD w583 VR USUAud319

. 31 Switch Reset @115Ud9 Reset nsvinaruvatkulasaaulnsaaasnielu

s
UaIn

.3 LED dwiiunegeun1svinay lagld RBO lun1saiunu wiew Jumper

1Y

ANABAGUEYNEY

Ag)

10.Power AC/DC Input W33l Regulate WUU Switching Lu®3 LM2575

YUIR 5 V/A aﬂﬂm%WﬂQWN%EJUQWﬂ’JQﬁli Regulate wag LED wanvg@n1ue

WAA9918 Power

MELR 1 " . 4o Avoo
EMUBSANONREF+CNZRBO [ 2 a9 LJ AT
EMUCAANIAREE-CNARABT (3 87 PWMIL/RED
ANZSS1/CNARE2 [ 4 370 PWMIHIREY
ANJINDX/CNSRBD L] 5 36 0 PWM2LIREZ
ANAICEAICT/CNERBY []8 3511 PWM2H/IRED
ANSIOER/ICA/CNT/REBS ] 7 % 340 PWMIL/REA
AMBOCFARABA [| 8 B 330 PWMIHIRES
ANTRABT Oo 5 20 voo
ANB/REA [ 10 MO vas
voo 11 & 300 CIRXRFO
\ies []12 m 290 CITX/RF1
OSCUCLKIN 13 g 280 UZRRICHITIRF4
CSCACLKOMCIS 14 oo 27 0 U2TWCN18/RFS
EMUDV/SOSCUTZCHK/ATXICNTRCA ] 15 = 268 0 PGC/EMUCILIRX/SDI1/SDA/RF2
EMUCSOSCOTICKANMARXICNOIRC 14 [ 18 28 1 PGDEMUDMUITX/SDO1/SCLURFI
FLTAANTO/RES 17 24 O SCK1MFB
EMUD2/OC2NIC2INTZ/ROY ] 18 230 EMUCZ/OCIACTINTI/RDD
QC4RDa 18 22 1 OCARDZ
Vas [ 20 210 Voo

Ui 2.18 lulasreulnsaians dsPIC30Fa011
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E‘Uﬁ 2.19 ET-BASE dsPIC30F4011

Tnssa¥nsuesa ET-BASE dsPIC30F4011 faguil 2.19 Tewusznousisil

1

OO\ N O Ny (R DO

10.
11.
12.
13.

14.

Fasounasinglildsnesvasuedn WWiuumdsdngl 7-20 VAC/DC

IC Regulate WUy Switching 29U 5V/1A

LED TEST d@vsunadoun1svinaIuuesuasn laeauauain RBO
Jumper d@uiudnnadyial RBO Ay LED TEST

VR Usumamiuldusuanuainsestinaeianina LCD

260 14 PIN IDE dduiiensafiu LCD wuu Character

Jumper dmsuidansukuunsaIuALYY R/W ¥83 LCD

aind Reset dwsu Reset mshauveslulasaeulnsaaesiiieagly
Tua Run

daste 1002 dmsuldideudeduiniadlusunsuasAtnnuunsgiu ICD2
Antausudenluuan15v19IUTENIN Run (RUN) %38 Program (PGM)
LED Auns uanddnuz PGM wleuasnviaruly Program Mode

LED Ade7 uansaniuy RUN Wavesaiavlu Run Mode

250 UART?2 Terfudauanamuy RS232 Taeld Pin 981 RF4 (RX2) waz
RF5 (TX2) Wudnyanandeusie

2510 UART1 Tnenfuduanamuu RS232 3914 Pin was RC13 (TX1) uaz

RC14 (RX1) \udyaaudonse



15.

16.
17.
18.
19.
20.
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Jumper dwiuidennisilensiedayeyias RC13, RC14, RF4 uay RF5 71

A

agldudygruningrd iutiilundyyrusudwos RS232 130

o o

GPIO dwsuldauihly

%"’wiaﬁ’zgggwm RC13, RC14, RDO, RD1, RD2 wag RD3 d@wsuldau

Tsiodaye 1 Port-RF 3 7 Un Aa RF [0...6]

LED dnsuianidniuy vaskrasaall +5V vaauasa
PIsiodgyey10d Port-RE @99zdl 7 Un Ao RE [0...5 way 8]

Tsiodaye 10 Port-RB & 8 Un Av RB [0..7]

21. lulaseaulnsaaesusydrvesa
2.5 ET-USB FLASH DRIVE

5Uf 2.20 ET-USB FLASH DRIVE[S] Aegunsaiiludmiveudoulwaveya avuas

asndlla 7ifiusglu FLASH DRIVE Tagle38nnsas Command snaq mumna Serial Port luln

fiu ET-USB FLASH DRIVE tlelsidmmeluéiasuiudoya Flash Drive Tnsanansalsnusiuiu

PC u1wn4 Port RS232 Taelalusunsy HyperTerminal %138 ProComm w3olusunsuduq

A11130F0ATHIUNIG RS232 WuiInaelun155U e uasueyan1e SINVLAAINANTT

gruvsensileuveyalinuyly wananliigranunsanelyasniulilasaeulvsaaesunu

PC o Tnoagdoassuma UART Port weslulasrerlnsataeilagnuandfues ET-USB

FLASH DRIVE i

1. mmmammaﬁ’uﬁmﬁu%yja Flash Drive fiilassasislvanuy FAT12, FAT16
938 FAT32

O Ny U R T

ses3uTelaliniu 8 fadnws unnana 3 fdnus 1wy A1236567 txt
Tuszuy FAT32 avlusessudielvawuuem

AIUANN1TOIUEY Flash Drive taglyn1sas Command HIUMa RS232
annsouden Baud Rate Tunshnnadeansnia RS232

aun30as Command lagly PC viselulasraulnsaiaas
gunsaasisiaraulvla wise Directory Tu Flash Drive

411130MMUATIVIL Byte  vewvayafivzyin1sauvsaldeuanlnanegly

Flash Drive

9. @1UTAMINUARILNUEINITR WY RYAIININANT WU ayaadlia oyl
Flash Drive

10. @usaeuveyaeeninfiiiedidlila nlwafiegly Flash Drive

11. naeanUalnduadanunsadalnaifudunyiniseuveyaneanveusislalag

YoUALNNEIDY
Y Y
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3‘1]‘17; 2.20 ET-USB FLASH DRIVE

12. annsadeurelwanise Directory T
13. gsanunluenu Weu asivseaulla Neglu Directory vay
14. grnsaLdenunuunsasddaln 2 wuu Ao adduguuuusnuse ASCI (Extended

Mode) vi3adsluguwuu Hex 1avgu 16 (Short Mode)

<@ I'4
2.6 LYULYDILbES
< A | a fa o P 1 o
\HuLEaswas (Optical Sensor) AegunsaidiannsedndasunyaArmufiuniy
wsan1sun v inarudedaliefinatnnnssnudirnauuLassidutade Nvinlvan

Audunuasunlatll Tnsstavauduigasiasiiotalsiuralswuy F9lunuideilaly

Y

[

&
ail

2.6.1 AIRIUNTUUUTAIALES

SUN 2.21 fdumuwUsAInIuuas 3e Lisht Dependent Resistor (LDR) tu
< s a S Y] [ v & 3 ! ! S o
Gugesiasdanianldnnaduanutuualaefiugiuesavsznovdiulngves LOR duvi

= o o = @ & A = Na s o i a g v

wnasnaidinanlendalidvniouamilonadludumnarvasuuuiugsianlddy
F1U509 azuMIndlMmINNLAINNNTEN VTR dTdINATI lTANIANAIUNIUES wazTunia

NSUAUMNTIANLLTULANUIANATENUNINAIAILATUN LIS LD AT

JUN 2.21 ffmunuiUsaAInIuues
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gﬂ‘ﬁ 2.22 Photo Diode g‘d‘ﬁ 2.23 Photo Transistor

2.6.2 Photo Diode iag Photo Transistor

5Ufl 2.22 Photo Diode Wag §U1 2.23 Photo Transistor imdnnisyauiiledinang
WULASANATENUNIN g9 bidunsatnnseualaunn waglunisnauiumindaanulUuila s
annsEnUTiosastinseualdvosdimsrinnuisnuasadends i uF IR U LLUSANR LS
Tuatief 2.6.1 uindaedidmudunas a 909 wiadletesauAull sy lvdudumesll

nszuaas wavlunisitausndudosalusnuusludandulsazaiuisalaaule

2.6.3 Infrared Sensor

g“d‘ﬁ 2.24 Infrared Sensor %38 IR Sensor ﬁaqﬂﬂiiﬁﬁ Photo Diode %58 Photo
Transistor an5uAUsAIUANA e lddmSumuAgelanianie IR Sensor ¥
poUALDIRULATBUNILTA (Infrared) iy 1 wdindy LED Buwisn fexlddsdoyatiogly
svoglna tasedldluiiiildan IR Sersor $1mwan Tnssird tn3esidn DVD vieinglusnoud

1 [ ] < £%
NABITUANILNEY LUURU

5U#1 2.24 Infrared Diode
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3‘1117; 2.25 Reflective Optical Sensor

2.6.4 Reflective Optical Sensor

’g‘dﬁl 2.25 Reflective Optical Sensor ﬁaqﬂmaﬁﬁﬁw Photo Transistor #38 Photo
Diode 152y LED Bumisn iileldlunisnsiadumsasiaunas wieszozannalndvesing
ndnnsdoideduadlunnnssnuiuinglag Snnduazasiiousastumnil Photo Diode wdo

Photo Transistor faegneiinluldauaieiigu vueusdmandudnludd
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WANNISNIIULAZNITDINUUY

3.1 umin
uniagnanfmdnnisvhauuazniseonuuunudadesdduiusniseenuuulagly

n1sdaeaulusunsy  MATLAB  Simulink laufisnisadisgunsaiass lneniseeniuy

pUnsniafafeurtaunazinderandnuaesingg Tulusunsy MATLAB Simulink Bslévinnns

18093 nNauma"

3.2 AMWIINVBII9RT UIUTUATH MATLAB Simulink
nseenuuunIsiiaedlulusunsuifigavsrasiitaldifuuuimiddunisnsvany
auydgruAnafuisnsuuulmid i hiufasannsainuuazairadugunsaiassliviolsl
Tudhuvesmsoonuuuiitelildnisamumaanismihauimdsnugagauuulvilog
NIHANNAIUITNITTUNIULAL AUNANUINAUNITEIUAIIINAIS elFviniseeniuudtaes
Tneildanusznou fail 23995118 90A-yan (Buck-Boost Converter) 3935AUAN  (P&O Vs
Look up: table MPPT) uasuudlaaniwad  (PVAray) fiaguil 3.1 seanunsaesunalngly

vhenlnavunsusigun 3.2

P&O v Lockup table MPPT

D ke

[

Imadiance
(Wim*2)1

w3 =

Vout

Temperature_cp

BUCK-BOOST CONVERTER

sUTl 3.1 29aslagsaalu MATLAB Simulink



PV ¢ Buck-Boost
Module Converter
Switching
Voltage Current
control
Sensor Sensor

L,

L]  Control

R

Light

Sensor

system

3UN 3.2 vdenlaezunsulaesiy

3.2.1 N1A2935N1a49

Load
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JU7 3.3 29asta-yasfiednneluudan Buck-Boost Converter Faluasasfianunse

WnkazanAuasdngvosussaulniivioan (Output) lalawisuiulssgulvinugi

(Input) Fedurwsuilsnausanaulandanudesnistusidedls

InafdmanUsznausieduiulsyy (CLink) w1 56 uF  viuthfadiou

o A ! v ! 1 6 ! 0 ~ o a
FLUOULNDAINA I UTERINSLAUTARNUIIDT @IUVDIAUNRNLIUN (L) Lum 135 mH (119

Analagnnanililuide 3.3.1) imihilunisavaundsusasdamasausieldsgunsal

auq gunsaladndsliily MOSFET vihnthiaeuaind@ausuiginsnasviriuiie aruny

LIIAULAZNTERARURBNLABYIINUNANE 30 kHz uasludiuvesiuiulsyy (Coutput) 7

Yuunulnan 3u1e 1 mF 928liksanunueaninssieulanasannnsaIntuas MOSFET

P
=N

.
b e

g‘lJ‘l?i 3.3 neluudan Buck-Boost Converter
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>
R "
‘ FProduct
| Scopel
D =i Cl —
Vin | D I H\._'i_)
1) . ™! 4 Duty Cycle
Digita! Clock " [ »7 PO | 1
[rem ] ! [ il I
3 %:: > Embaddad
@ MATLAB Function!
Gawin

sUT 3.4 meluudon PRO vs. Look up table MPPT

3.2.2 AMANAIIAIVAU

sUR 3.0 drumanivuanlaldnisideulusunsy Embedded MATLAB Functionl @4

q

agnngluufon PRO vs. Lookup table MPPT titetadulileanaasiannisianuiiindsny

e

gegalaglditnissuniulardunnsiuiuisniserud1anasaBeseazidenazna1luide

7l 3.4 FoauunAnuazisnismuni Tudiuwes Embedded MATLAB Function 3 4 Inputs

=Y

)
~Aszwaanlaaad (1) e A
- wsusnaTaulzaneas (V) iy V
- muddy I (clock) Taifinay
v a 6 1 2
- AHULLEIRne (L) Ny W/m
_:-4 o i __lm—-t-“.!i; —r— - Y &
' J { .
b I ' = 30k0D s, }
1 D g5 : p 4 t
Vin o ] = vou
I | A r_' '
e < bkid
n'h : - | . I'~|I """ —
I. ': FIaIM .'.|I'I]-. ' Ol
[ - 10k0)
AW 2 -

5U# 3.5 NM1399NUUUINRITMAS
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SUN 3.6 2995M89U89934

waz 2 Outputs A
- 993n3n159I9U (Duty Cycle) Lifivtae dfegsendng 0 v 1 (0-100%)
- Tnuan1591197u (Mode) laifivnine dauduasdn lny
4930 1 IMUABINAIINAII

a930 0 IMUATUNIULAZAILNG

3.3 AINTINNIININUVDIINITINY

nnmsdrassuansvihnuauiulaliinaansaviledlusuvesails meisedals
fifiunsairgUnsniaeduaniieldlunisvnass Tnsgunsniuag199393eUsznouseung
\waduaso1inddnimiiiususundsnuuasidundsoulnihdedifuises da-yadsin
wihfiruaNInnsThuTestaTaduatenfindliied i ganisitnuindsugsge was
anviedeundsnutglan fotomuaiifudiuninisasiids ludiuvesniaaiuay
Usznaumegauesamualulasreulnsaaesqu dsPIC30F4011  sauluiusumosusanu
NILUEA LATULAIANAIAY

3.3.1 MANAIAIRY

293&eTaldEndvesgunsaisingg muildesnuuulilulusunsudiass MATLAB
Simulink f93Ui 3.5 wagiilevhmaadiavesnisasniafdaidunléfesuil 3.6

2esidsasgnesnuuuiilesesfusasuriiazeenldliiu 20 v uaz 55 v
AUdIFU (nveuALazTorimun) SensaziBeavensasusznaudielalondesynsuiy

wealusaudean (Terminal Block) vwin@eriedasiunistounssulninindrdenalieas
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Iisuanmdene daundusifvuszadesliussduridnliifianinuasunlased
Beundu Tudrmvesgunsaiaindaldld MOSFET twad IRF530N (N Channel) viaudinanud
30 kHz Fas1eazidoalunmsnuauaznanluiidorsasaiuaudniiis
Tunseenuuusasda-yadveseasiasdeiiddedmilsie nsmuaumeanain
wilsnifaansavilinssuaiianudeidedldnasanauasasounaulunniieuly faunis

11 (2.29) alananlilunguiuasudnnisluuni 2 dadl

(1—D)2R
Linin = —2F

a A 1 a s v 1 = Y1 N o aa 1
ﬁllll(?lLQE]UVLGU?Y]qu’mLGIE]iLLagm’JLL“LJiGHQ‘] LW@Im@ﬂWﬂ')WNLMUEJ’JUqulIGU‘UWWELV@WE]"\]%

ATUAgUNNIRIlUNSYIIeW neimualiAn D = 0.1, R = 10 kQ uag f = 30 kHz

[ '
v o

(Areudiflilunisvanesadsd) fadu merminderihduigaiiamsoldléfe 135 mH
w3 Apnunieahildasdlineesie 186 mH falusiiinnndirAwienhdusils
Auaull

3.3.2 21A9IIAIUAN

AANasAUALTII T nauaNN iU sgUn salaindelsiin 993 AR
a0y al gansiauimdnugeaals Imaﬂﬁmmmﬁwmmmﬂmié"nmisuaqéh
lulaspoulnsaieas dsPIC30FA011

5U# 3.7 lulnspoulnsaaes dsPIC30FA011 wagshuedndi§asy anunsniudeyan
LLﬁqﬁuIWW'}Lﬁaﬁwmﬂszmawaslumsé"aﬂ’mialﬁiﬁimciﬁuiu@aﬁ%'adw Analog-to-digital
converter (ADC) %QImQaﬁ%ﬁmﬂwLLUaaé’mmﬂmmﬂamﬁaﬂ (Analog) tumdnea (Digital)
Tnsgunsaitagmsratuaussuliindlfnnnsdeareidiand port B 9induazuiasdsing
Fuenfuialussuuasneanusssuiitmundaed Bit 74 (5ennisudaseniin Digitization

TurAdeidslulasroulnsamedannsaiumussufinissue Input viemun 5 fn
Toun wssaulnirndn ussduldiirveen aszualiiond nssualniiieen uag s
Sumnaseusium (esnudunes) Tnefiseasdondsil

3.3.2.1 nMyianssauliirvndinazasn

dlosanlulasreulnsaiaesfildluaiddedausosuen input 7y

wseiulnialalugradfiosud 0-5 V 9ngud 3.5 azdunaldirfinnsdeiaaudiiuniu
30 kQ U 10 kO waz 100 kQ U 10 ko a1y Wisldlunswussssulninlilddu 5 v

Aewrhmstaumussiulnih input s lilasroulnsaiaes Fai3snisiuiaum

Ausarulniigsaunisi (3.1)
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U 3.7 dsPIC30F4011 Wesuasad 1523y

Ry
Vin,adc = Viear X m (3.1)

T Viaae 70 Aussdulniifisiouiaiuen ADC vedhilasaaulnsaiaed vihe v
Viear A8 ATMSIHUINTAI93 s0092905A 18N o ﬁ;mﬁi’mﬁuq dleieufiunsndues
1995 WY V
R, o Areuduniudisevuiutuen ADC vadlilaspaulnsaass wide Q

R, fi9 A1AusuMIunsseunsuiu Ry wWeldlunsiuassnulniin mie @

WO MUAI Vipmicro asadnatssiulnianiay 5 v 1a anduvinisiuiadaundu

VAT Vyeqy MVBNTIUANLSIAUITIGER 0 010U ladaanng (3.2)

R + R,
Viear = Vin,micro X R—l (3.2)

ﬁ’m’;mﬁ’]ﬁﬂgLLiQﬁuIWﬁ’ﬁl%ﬂﬁlﬁmLLUQLL’NG?fuﬁI 1 noudnlulasaoulnsatass  Veearadcr)
\Weufuns1aeednees laefi R, = 10 kQ , R, = 30 kQ waw Vinmicro = 5 V 3gla
Vieatager = 20V LLasﬁwmmmﬁ'ﬂsJ‘Lmé’ulWﬁw%qﬁﬁmLLﬂQLLsﬂﬁuﬁ' 2 ABULEN
ulAsAeuNTaaes (Vreaaqes) MiBURUNT1IAU002435 T08fl Ry = 10 k@ , R, = 100 kQ
W% Vinmicro = 5 V 989 Vyeqragcz = 55 V

Fat Ausadulndins Vieatager %8¢ Vrearaacs SBUUAMIITUGIA 4 90T

wazv1een lagllA1usasiuegi 20 V uag 55 V audeiu ieieuiunsninuediins
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3.3.2.2 nMyianszndlnirvnduazvioen

TneThluudalilasreulnsames dsPIC30FA011 luianwnsasuan Input vy
nszualiliile widnnsosuen Input Mduausessulnd gy fafussndudedd
gunsnifiiauannsalunsianszualifiuasuvasardulvoglugdussiulnild 4
gUnsaftufte wuwesAnszua (Current Sensor)

wuwosianspuadlilumuideiifuefnvuindndisoguvesenglunarld
IC Tunsinnszuaiues ACS712 fagud 3.8 Faduisuwesinnszuauuuseadievivia (Hall
Effect) wazdififanisianszualndilénous -5 A auiie5 A lnefindnnisiariainnns
wilertmaudindninihvuesidnssualvadiudieuged Faudménlnfinasidusaly
wiprivhlfiiaussiuluinag output  vesiuwmeesiues 91nduiwihnisdousn
wsesulnidl Output vesiwuesluidumussiulain input sesimlulasreulnsaass
dioldlunsduanssualiinlwiiisalady windrdideudilulasreulnsaaesidud
wsesulvif exudssdudosmsmuindounduiiiomeanssuassefiials Tnofsureii
fien offset 1 2.5 V- vpuzfinszualnfiniandu o A uasfidnanuls (output sensitivity) 7
185 mV/A fathuSsanunsamuaidoundumannszualiiieddldornaunisi (3.3)

1
Lreqr = (Vb,sensor X 2'5) X m

Lrear = (%,sensor il 2-5) X 185 (3.3)

e Le: A0 ANNSzUalnAn93991n2935 g A

Vy sensor P9 AUSaUlniihvoanvesauiges g v

[ 1
[ =

ieaudzantunuITelsliinnisinasddiinnisiefusugesuasadiiagull

adluveinsmdmandegun 3.9 eannsidangliseniseuesivueiniasmin

JUN 3.8 IC wuwoinszia ACST12 wiauuesauuinandnsagy
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JUN 3.9 NSAARIUDIALULRINITUANUVEIAIITVAN

3.3.2.3 NFIAAIATIULTULEAS

L‘%'mmi"j’mmmmlﬁmLLaQL‘fJuﬁiy,mwﬁmNm‘i%’m‘f 1ABNITINAIAINALTL
waslulusunsudians MATLAB Simulink fumnufusieduuandrstusan nisldgunsaid
annsanaduaadulaniubessnioziunldaisidesangunsaliisingauaslaid
output fideufululnsrevinsaaeily avulumsneaesniddedsddivdeuisnsinaina
Wauasiensidfaduniuiivlsamssaununisiaasudunaslagnse feudi16m
Aumuwlsmasiasarliaunsaribigldanunsvaianudueasese 1o waivinsiu
muanwe s EdIds v AG s u U Bs Ll Umu T ove ey

Tunddedldldouweswasiafiumuwlsamunasued KE-10720 89
firaguniueg 600 Q - 100 k@ o AALIAAILATTENIIE 100 Lux - 100 kLux Taed
arudutuguuunnduiy figuil 3.10 i aidiaadumuitsanauasioynaui
audunay 50 ko warilouunasdiglil 5 V- antudeinausidunnasou g g

Asen 50 ke 14 ADC faguii 3.11 vedlulasaeulnsaiaasiiteliustananasioly

Resistance (Q)

100 1k 10k 100k
Illumination (Lux)

SUN 3.10 ANUFNTUSTENINAIAIUMUNIUAUANITNLEIY A UN UL TAINNLILES
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5V
600 Q —100 kQ

50 kQ
ADC5

dl o U U ! v
E‘U‘VI 3.11 3WATAINTUNITINATAINULVULLEAS

3.4 LUIAALAZABNITAIUAN
msldngsaulnihnnundeaeadlifuaian fe nsiliusslsdsadanungg
Pl Fgaiianyiiuslssusadannionsesild o aransdunasiug astdy
uanangiasiiiinmamduasmuauuds Sisndudeiisnisaruauivinliunsles
AR TEAIRNTY
3.4.1  MuANI331UAIRINATIN
Wuasnsauaulilsaadinau w ganmshauiiidsnugegalaeldusylov
nmsnudeyasieiBnissuniukazdune lunuannsetuaiatnmsiaziuleeldisnig
g1urazihme i dsasasaaldluFeuiisuiuammnnduiam sy uas
yhmsdenmumisiiialndifesiian ndunsageumanuduuanisiumenudunady
1519 0 udsilndlAgsigadndlinannndn deanda viewiniu Feszuvazyhandduluue
mssuAtneIsiraudiadauludies 1 Tu 3 nadil Wuass
1. dleruassseninldinnnivduadunseilngdifeaiign a sumislasummis
wazdAuadluduidnlulunisg
2. \fleduasieiinlddesnitdasiunsaiilndidesiian a dunisladumie
wils wardauadudwmdsnoumtilunis
3. leruasasiiinldvintuauasiunsns a dumddadumimis uazdauady
RN DIV IR RT RIAI I
Tunsdlfinanuduuasaiannniidnudiuaddunss o dumisitlndlfosian
wagdAraudunasiuniine a dundsdald (nsdil 1 Juade) feiregrslugud 3.12
MndufuInmAestgdninsinenuluaivaugunsaiaindlagldnisduinuuy

ToyelAlasensd Rule of Three) feaunsd (3.4)



D = Dutytable, +

Toedl Dutytable,

Lutable,

Dutytable

c+l1

Lutable,,,

R

=
A

A

&
40)

=

A

R

36

(Dutytable,,, — Dutytable, )(L — Lutable,)
Lutable,,, — Lutable,

(3.4)

Afpdnsnisiaulunisns dumied ¢ Faduduniaiingaiy
funiafianaudusasiunssfialndifsatuananudunaass
fian

Armunadlunse s ¢ Sadumundsiininnuduues
TupsedialndiAsstumendunasnisian

A1InInsnsvieulumsne dunisd o+l Jadusundsiiegdaly

T
° oA Y A Y a Y Y
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Abstract = This paper shows the circuit and methodology of
the mew charger for tracking MPP on any level of irradiation
by wsing Matlab Simulink Program. The circult is the
Interleaved Buck-Boost thai is used to reduce outpul of ripple
voltaze and ripple current. The methodology is used and
combined between P&O MPPT and Lookup Table MPPFL.
However, the P& MPPT is the basic system to conifrol the
tracking of MPPT and record the values of both irradiation
intensity and duoty cyele in the Table. When the real value of
ireadiation intensity s under defined condition, the system
operation will furn P&O MPPT to Lookup Table MPFT
automatically. Therefore, the system operates MEPFL guickly
and solves the problem of the variation value of MPFPT.

Keywords — MPPT . P&, Lookup Table , Inferfeaved Suck-
Boost Charger

I ~INTROBUCTION

In the past time, there were several methodologics for
charging battery  from . solar —ecell.  Especially. the
methodologies that track MPP are very interesting because
they transform energy of sunlight Lo coergy of eleclricity
extremely [1], such as Pertorb and Observe algorithm
{P&0) [3]. The P& algomthm 15 the easiest methodology
to track MPP but there 15 @ problem about the variation
value around MPP. It moves wvand fro around the point, so
the ability of controlling circuil 15 decreased. To solve abave
problem, the new-tracking-MPP 15 more practical because it
i5 combimed by P&O and Lookup Table [4] of MPPT.
Maoreover, it can record the related data between the values
of irradiation intensity and duty cyvcle through P&O
methodelogy, 117 the amounts of data are enough and the
values of irradiation imtensity are under defined condition,
the system wall tum P& MPPT methodology to Lookup
Table of MPPT automatically. The wvalue of duty cyele,
which is from Lookup Table of MPPT, is calculated by
using the Rule of Three o predict a right valee for tracking
MPP. Thercfore, the speed of Lookup Table of MPPT 15
faster than P&O MPPT,

H78-1-4673-9740-0/16/53 .00 ©2016 IEEE

In_this paper, the main circutt is the Interleaved Buck-
Boost [2]in order @ reduce output npple voltage and ripple
current -and ‘a load of the circuit 1s resistance to test
sirmulation simply.

[ HOW THE CIRCUIT WORKS

Ae-Main Circuit and PV module

Fig.l shows the main circuil. There are many parts: PV
mefule, Imerfeaved Buck-Boost Convertor block, green
block, and P& vs. Lookup table MPPT block, purple
block. The PV module is solar cell that is responded by
values of irradiation intensity and temperature. However, it
is not mentioned for the vartation values of emperature in
this_paper. Therefore. the standard temperature is 25 °C.
However. the record data will be used for 7 days and then it
will be rerecorded-again.

Fig.2 shows the simulation geaph of irradiation mtensity
brought totest simulation,

B Convertor Block

For Interieaved Buck-Boost Converlor block in Fig.l,
there are 3 inputs: Duty Cycle, +VIN and -VIN, and 2
outputs: +VOUT and -VOUT.

Fig.3 shows the Imterleaved Buck-Boost Circuit, There
are“CLink', L1 12", MOSFETI, MOSFET2 , Diodel,
mode? and Cout. The CLink is a capacitor that is located
between input and other devices, The L1 and L2 are
inductors to transfer energy of electricity. The MOSFETI
and MOSFET2 are swilches o change the walue of
duty cyele, The Diodel and Diode? are devices that force
the direction of current flow, Also, The Cout is a capacitor
to provide for decreasing the voltage ripple.

C. Comrol Block

For P&O vs. Lookup table MPPT block in Fig.1, there
are 3 inputs: Tin, Vi and L. There are 2 outputs: Mode and
Dty Cyele. For inputs, the Tinois used to receve the value
of PV Cumrent. The Vin 18 used to receive the value of PV
Voltage. Also, L is used to get the value of lmradiation



intensity. For outputs, Mode is used to show the status of
working system, high logic means Lookup table mode and
low logic means P&D mode, Moreover, Duty Cyele is used
to send value of duty cycle to control MOSFET in the
Interlcaved Buck-Boost Convertor block.

Fig.4 shows the contral part of system, the circuit in
P&O wvs. Lookup table of MPPT block, there is an
Entbedded MATLAB Function] (EMF1) that is algorithm
to track MPP by wsing automatically selective technique
between P&O and Lookup Table. There are 4 inputs:
WiVin}, lilin) , LiL} and Digital Clock. The value of carrier
frequency is operated at 40 kHz. There are 2 outputs outside
the circuit: Mode and Duty Cyele. They are connected by 2
outputs that are inside the control block

i, TECHNIQUE AND CONTROL MODE

Both techniques, the P&O and Lookup Table, do not be
operated as the same time but the EMF] -automatically
selects one of both techniques to-conmol MPPT. 1t will
check the measured value of irradiation intensity o compare
with the nearest value in the mble. If the amounts of
irradiation intensity value inthetable are enongh and can be
calculated, the EMF1 will control MPPT in Lookup Table
mode. On the gther hand, if this condition is nol mue, the
EMF1 will autematically change to control MPPT in P&O
made,

FRO ve. Liokup tnbie weeT

Trreediance { || Wt
[W/mz )1 . !
Ternperature_op
interieaved Buck«Boost Convertor
Fig.1 Main Circuit

Irradiation imensity (W/m?)
N ———— bt e e
1
[ Timeq
i 5 & 7 B

Fig.2 Simulated graph of iradiation intensity
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A. P& mode

It is a simple technigue 10 wrack MPP and il can be
applied to wse with any kinds of PV. Let the EMFI1 sample
1060 values of PV power for a period time, then average
and record resull as to be Py, Next, let it do the same step
and record the result as to be Py, To compare the value
between P, and Py, if the value of P; is less than Py, the
vilue of Gain will be increased 0,01 for a step. On the other
hand. if the value of P, is more than F,, the value of Gain
will be decreased 0.01 for a step. Do the same step until
system is operated at MMP, Therefore, the basic equation is
given
by (1)

Vour = dViy i)

d is the Cain and the equation of Buck-Boost is shown
by (2)

D
O, Wi 2}
. 1—-D
Reamrange (2) to.be (3)
d
— (3]
4 1+d

s the value of duty eycle o control MOSFET.

= I I ":%"
U.T*J_ L1 J'm
] v
Coe | [T
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|

MOSFETH -lEﬁ‘
=

Fig.3 Interleaved Buck-Boost Circuit
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B. Lookup Table mode

It is a methodology that iz applied by using data in
TABLE [ that is recorded automatically by P&0O technique.
In TABLE I, there are 2 colunns: Lredable and Dutyrable
column, For Lutable column, it is used to be recorded the
value of irradiation intensity. Also Duntable column is used
to be recorded the value of duty eyele. The both columns in
the same row must be recorded at the same time.

The value of real iradiation intensity 15 compared with
the nearest one on the left column, Lwrable column, in
TABLE!. Lookup Table mode will be operated. when 1
from 3 conditions are true:

17 When the value of real irradiation mtensity is more
than the nearest one on the left column in the table,
there is the value of imadiation intensity ot the next

¥ = Dutytahle: +

0 = Dutytable._; +
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position, lower row than referable one, on the left
column in the table.

2) When the value of real imadiation inlensity is less
than the nearest one on the left column in the table,
there is the value of wrradiation intensity at the
former position, upper row than referable one, on
the left column in the table.

3)  When the value of real iradiation intensity is equal
to the one on the lefi column in the iable, there are
the values of irradiation intensity at the next and
former positions on the left column in the table.

O the other hand, if there are not any conditions are true,
the systemn will be operated at P&O mode.

Fig.5 is the example case. Let the EMFI search the
nearest valuz on the left column in the table. Ly is the
nearest value and this row is called C position. Then,
compares both values, the values of real irradiation intensity
and the value of irradiation intensity at C position on the left
column in the table. In this case, the value of real one is
more than C position, and then check C+1 position as well.
If where is the value of imadiation intensity at the next
position on the teft-column an the table, the value of duty
cyvcle will be caleulated by using Rule of Three as (4)

(Dutytablec,, = Dutytoble: (L = Lutahle;)
Lutables, , = Lutable, (@)

The Dutytable. is the volue of duty cycle at C position on
the right column in the table. The Luteble, is the value of
wradiation imbensily al © position on the left column in the
table. The Durytable,,, is the value of duty evele at C+1
position on. the right column in the mble, Moreover, the
Lutablesoqy 5 the value of rradiation intensity at C+]1
position on the left column in the table,

IT the vatue of real irradiaiion intensity is less than C
position and there is the value of irradiation intensity at C-1
position on the left column in the table, the value of duty
cvele will be calenlated by using (5)

{Dutytable, = Dutytable, (L = Lutable._;)
Lutablep = Lutableg_, (5)

When the value of real irradiation intensity is equal o C
position on the left column in the table, the value of duty
cyele will be equal to the one at C position on the right
colummn in the table.

C. Recording data in the lable

It 15 the sub methodology of P&O mode, The values of
mradiation intensity and duty cvele from P&O mode are
averaged for each second. They will be recorded in the table
automatically. it 4 conditions are true:



I} The varation value of real irradiation inlensity is
not more than 30 W/m* for | sec.

2} The variation value of duty cycle i3 not more
than (.03 for | sec,

3} The wvariation value of oulpul power 15 nol more
than 3% of arverage output power for | sec.

4) There are not the values at the recorded position,
referable row, on both columns in TABLE [ or there
is the new average value of real irradiation intensity
that is nearer one of values in Referable Table,
TABLE 11, than the old value at the same recorded
position in TABLE L.

For the example in Fig.6, there are Lo and D, the fiew
average value of real irradiation intensity and the new onie of
duty cycle in order. Let the EMF 1 sean the nearest value of
Lref on the right columm in Referable Table and record the
both values at the same position, 4%, in the TABLE 1.

Fig.7 shows all methodologies of MPPT (hat are
explained in above puragraphs

IV. -RESULTS

Fig.8(a) shows the output power simulation results. At
the first 6 seconds. MPPT is controlled by P&0 mode. At |
second, the value of irradiation intensity is changed rapidly
from 300 W/im® to 500 W/m’ in Fig.2. Therefore, the MPP s
changed dramatically and the output power is also changed.
The P&O mode is spent time 0.028 second to be steady state
in Fig.8(b). On the other hand, at over 6 seconds, MPPT is
controlled by Lm-kup Table mode. At 7 seconds, the value
of irradiation intensity is changed from 300 Wim' 1o 500
Wim® again. The output power is changed and  Lookup
Table mode is spent time for 0.022 second, less than 0,028,
to be steady state in Fig®(c).

Fig 8(d) and Fig.B(e) show the ripple of putput power fn
P&0O mode and Lookup table mode in order. The fipple of
Lookup Table mode is less than P&O mode,

Lo = 100 Wiar'
Pasition Lrel i Lutable — Duiyiable
1" 106 [E=me=s
2™ 00 [€-=--4
| 4™ positian
3 39 €--- --: is the nenresi
e 400 - = — = —— 3G 511
I Recoided
i 300 | ————
! ! P
o 1
d Ml T |
< Sean Lref that is

the nearest 390

Fig.6 Example of Recording data in the table
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Fig.7T Flowchart of the system
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V. CONCLUSION

The P&D methodology operates a5 8 random system.
The system does not know the right value of duty cvele that
reaches the MPP until it varies the value of duty cvele o
find the right value on that ime. Therefore, 1t must spend
time for this step and it causes wasting lime. Although the
P& methodology can reach the MPP, there is the variation
value of duty cyele that affects the ripple of output power.
On the other hand, the Lookup Table methodology works as
the self-leaming system. The system uses the recorded data
of the PEO methodology to track the MPP when the value
of irradiation mtensity 15 under defined the condition.
Therefore, this methodology 15 guaranteed. The speed of
Lookup Table methodology is faster than P&O because the
Lookup Table methodology can predict the right value of
duty eyele to track MPP. Moreover, the variation value of
duty cyele is disappeared and the ripple of outputl power s
decreased,
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Photo Conductive Cell, CdS, LDR
Maodel Mo, : KE-10T720

General Description:

By using the sintering film fabrication method, the mamsfacturing process of the photo conductive Tayer
can offer high sensitivity ond casy fabncation of large sensitive areas, a large mass production effect, and
relatively supenaor produstion profitabi ity

Features: Dutline Dimensional Drawing

#  Low CUost

#  Exceptonal iempernture stabality —— ‘ -
»  Fasiresponse time V77

Excellent chopping capability Anna
‘N.‘ ; chopping capability LI'LI'U] % :
Applications: [ ]
Aubomaie dimimer 2T - Bt
= Automatic flasher W h
Orplical relay
Electrical Characteristics Ag=25"C)
Deseriptions Symbol)  Mine Tvp. Mux, | Lot
Photo Resistance at 10 Lux
{Light Souree: 2856K) ) —— 1R~
[rark Resistance After 10 sec, s (|| .
RemgvaloP W0k |\~ /0 70\ e R
Gamma Value at 10~ 100 Lox |y %
Maximum Power Dissipation /| P9 | .. = | .35, | mW |
Max imun Breakdown Voltage | Vida 100 Wi
Peak Speciral Response hp 350 (Gl 1
Rise Response Timeatd fe w3 4 38 0 [ ms
Fall Response Time at 1 o tf 45 i
Ambicnt Temperature Ta =30 ~ +6l) i

* Presmensuncment condinen: Expoged in SO0 Lux fior more than 3 o

¥ waluwe, Standird gradient rote of resistunce mngﬁd by 1= 100 Lux
(0.1 unless otherwise stated)

b Log(Re)— Log(Ra) ! Where: Ry : Photo resistance as lighting x
T {0 Log{Esy— Lom{Es) | Ex : Hlumination as lghting x

W 1z Peig |81 T AT ()
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